Previous studies have suggested that daidzein's metabolites, equol and O-desmethylangolensin (O-DMA), rather than daidzein itself may contribute to the beneficial effects of soya foods in the prevention of CVD. The present study aims to assess the proportion of equol and O-DMA producers, and to compare differences in anthropometric factors, serum lipids, glucose and uric acid between producers and non-producers in Chinese adults aged 20-69 years. For the present cross-sectional study, 202 subjects (100 women and 102 men) were recruited. Twenty-four-hour urinary daidzein and its metabolites were determined in these subjects while on their usual diet and again after a 3-d isoflavone challenge. Fasting serum lipids, glucose and uric acid were examined on their usual diet. Three days of 24 h dietary recalls were used to assess dietary intakes. Of the 202 subjects, 27 (13·4 %) and 27 (13·4 %) excreted equol and O-DMA on their usual diet, and 101 (50 %) and 94 (46·5 %) produced equol and O-DMA after a load of 80 mg/d isoflavones. Equol producers showed lower serum uric acid (210·2 %, P¼ 0·001), TAG (229·5 %, P¼ 0·007) and waist:hip ratio (2 2·6 %, P¼ 0·032), and tended to have higher HDL cholesterol (6·3 %, P¼ 0·069) compared with equol non-producers. There were no significant differences in serum lipids, glucose and uric acid between O-DMA producers and non-producers. In conclusion, equol phenotypes might influence cardiovascular risk.
Soya isoflavones, mainly daidzein and genistein, have a similar chemical structure that is similar to that of the oestrogens (1) , and they consequently bind to oestrogen receptors to exert either oestrogenic or anti-oestrogenic activity (2) . Many studies indicate that higher soya intake is associated with a lower incidence of CVD (3, 4) . However, the effects of soya isoflavones are inconsistent in human studies. One possible explanation for variant responsiveness to isoflavones may be differences in the metabolism of isoflavones among individuals, specifically variation in equol and/or O-desmethylangolensin (O-DMA)-synthesising capacity.
Equol is a gut bacterial metabolite of daidzein, and it has been proposed to be an important bioactive metabolite because of its selective binding to oestrogen receptor-b (5 -7) . Certain distinct intestinal bacteria are capable of metabolising daidzein to equol and/or O-DMA. Previous studies have shown a substantial variance in the ability of individuals to synthesise equol or O-DMA (8, 9) . Typically, 20-30 % of adults produce equol and 80 -90 % of them produce O-DMA in response to a soya food or isoflavone challenge in Western populations (10 -11) . Asians were more likely to be equol producers than Caucasians (12, 13) . No study has yet assessed the proportion of equol and O-DMA producers in a Chinese population.
It has been suggested that two subpopulations -equol producers and non-producers -respond differentially to intervention with soya or isoflavones (14) . Some small studies found that O-DMA production was associated with higher bone mineral density (15, 16) . However, no study has yet examined if the equol or O-DMA producers have lower cardiovascular risk in Chinese populations. The present study aims to assess the frequency of equol and O-DMA excretion in Chinese adults on their usual diet and after a load of 80 mg/d isoflavones for 3 d, and to examine the relationship between the ability of equol and/or O-DMA production and some cardiovascular risk factors.
Experimental methods

Subjects and study procedure
Community-based apparently healthy subjects aged 20-69 years were recruited in Guangzhou, China, by intensive advertisement in communities. They were required to be Guangzhou residents for at least 1 year, and be free of the following conditions: confirmed prevalent diseases of the digestive system, use of hormone or antibiotics within 30 d before the study and pregnancy. Potential candidates were then invited to the First or the Second Affiliated Hospital of Sun Yat-sen University, Guangzhou, China. Investigators verified the subjects' eligibility via face-to-face interview. We recruited equal number of twenty-one subjects in each sex -age subgroups (20-29, 30 -39, 40 -49, 50 -59 and 60 -69 years). A total of 210 subjects were finally enrolled.
The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all protocols involving human subjects were approved by the Medical Ethics Committee of Sun Yat-sen University and all participants signed the written informed consent.
Information on sociodemographic data, medication and health history, lifestyles, physical condition, and female menstrual and menopausal status were collected by trained interviewers at face-to-face interviews using a structured questionnaire. A 3 d 24 h food diary (2 d before urinary collection and 1 d during the period of urine collection) was completed by each subject and checked by researchers. Each subject collected a pooled 24 h urine sample while on his/ her usual diet. Urine volumes were recorded, and 10 ml samples were stored at 2 808C before analysis. Participants were asked to maintain their regular diet, but avoid alcohol consumption during the 3 d food diary collection. After the completion of the first urine collection, participants were given two capsules of isoflavone extracts for 3 d. Each capsule contained 24·06 mg daidzein, 5·82 mg genistein, 11·87 mg glycitein and in total 40 mg soya isoflavones (all in aglycone equivalent). Participants were requested to record their physical condition and report any adverse events, a 3 d food diary and any medications used. A 24 h pooled urine sample was collected on the third day of the soya isoflavone challenge. Participants were asked to avoid soya and soya products during the soya isoflavone challenge test to avoid ingestion of additional soya isoflavones. Alcohol was also prohibited during the period of the soya isoflavone challenge test.
Eight subjects (three men and three pre-and two postmenopausal women) were excluded from data analysis for reasons of failure to complete the urine collection or food diary, or because of poor compliance with the isoflavone supplement. A total of 202 participants successfully completed the study, and were included in the data analysis.
Measurements
On the days of urine collection before or after an isoflavone load, height, weight, waist and hip circumferences and blood pressure were measured. For biochemical analysis, 12 h fasting venous blood was collected in vacuum tubes containing EDTA. Plasma was separated after centrifugation at 1500 g for 15 min at 48C within 2 h and was stored at 2 808C till tests. Blood lipids, glucose and uric acid were measured using Hitachi 7600-010 automatic analyser. The CV for lipid measurements were 2·17 % (at 5·03 mmol/l total cholesterol), 2·86 % (at 1·14 mmol/l TAG), 3·47 % (at 1·70 mmol/l HDL-cholesterol), 4·67 % (at 2·65 mmol/l LDL-cholesterol) and 2·15 % (at 290·2 mmol/l uric acid). Biochemical assays were performed by two technicians who were not involved in the questionnaire interview.
Equol, O-DMA, daidzein, genistein and glycitein and total isoflavones in 24 h urine were assayed by HPLC with UV detection (17) . Urine samples were extracted by ethyl acetate (5 ml £ 2) after deconjugation by b-glucuronidase/sulphatase. After reduced pressure drying, the extract was reconstituted in mobile phase solution (1 ml) for analysis. The HPLC system consisted of a C 18 stationary phase extraction (5 mm, 4·6ø £ 250 mm) column, and separation of isoflavones was achieved by gradient elution with the mobile phase of 20-70 % methanol at a flow rate of 1·0 ml/min. Isoflavones were detected from their UV absorbance at 254 nm and 280 nm. The CV for daidzein, equol and O-DMA measurements were , 5 %.
Subjects with 24 h urinary equol:daidzein and O-DMA: daidzein ratios . 0·018 were defined as equol and O-DMA excretors on their usual diet and producers after a soya isoflavone challenge (18) . All excretors at baseline were identified as producers.
Data analysis
Data were checked for normality, and skewed parameters were log transformed before statistical analysis when possible. Data that were normally distributed either before or after log transformation were presented as means and standard deviations. For TAG, we used winsorisation to replace outliers that were at least three SD away from the group mean with the next most extreme value (four samples), as the few outliers affected the mean values extremely.
Comparisons of variables between the different daidzeinmetabolising phenotypes were done using either Student's t test or x 2 test. All analyses were conducted with SPSS for Windows (version 11.5; SPSS, Inc., Chicago, IL, USA).
Results
On their usual diet, 27 ((SE 13·4) %) and 27 ((SE 13·4) %) of 202 subjects had detectable urinary equol or O-DMA excretion, respectively, while 9 ((SE 4·5) %) excreted both equol and O-DMA. After a soya isoflavone challenge, 50 % (n 101), 46·5 % (n 94) and 25·7 % (n 52) of the subjects were classified as producers of equol, O-DMA and both, respectively. The ratios of equol:daidzein and O-DMA: daidzein ranged between 0·14 -4·53 and 0·08-2·12 in the excretors, and between 0·03-5·83 and 0·03-1·47 in the producers, respectively. The proportions of equol or O-DMA producers were 55 and 51 % in women, and 45 and 42 % in men, respectively. There was no statistical difference in the proportion of equol and/or O-DMA excretors/producers among sex and age groups (P. 0·05; data not shown). After 80 mg/d isoflavone load, 101, 94, 199, 198 and 198 of 202 subjects had detectable equol, O-DMA, daidzein, genistein and glycitein in 24 h urine, respectively. Table 1 shows the mean concentrations. Among those with detected urinary isoflavones or metabolites, mean values were 14·31 (SD 14·41) (equol), 6·16 (SD 6·67) (O-DMA), 30·32 (SD 24·08) (daidzein), 3·13 (SD 2·56) (genistein) and 11·32 (SD 7·44) (glycitein) mmol/l, respectively. Total subjects  202  42  39  40  41  40  Equol producer  101  14·31  14·41  18  15·22  13·13  24  10·75  10·10  19  15·26  11·09  17  16·17  21·94  23  15·13  15·30  O-DMA producer  94  6·16  6·67  24  5·99  3·98  11  3·96  2·01  19  9·56  11·26  15  6·02  7·06  25  4·78  4·21  Daidzein producer  199  30·32  24·08  42  36·38  25·89  38  29·26  16·82  39  32·37  27·98  41  27·69  30·94  39  25·62  12·95  Genistein producer  198  3·13  2·56  42  4·11  3·05  38  3·50  2·59  38  3·26  2·80  41  2·42  1·52  39  2·35  2·23  Glyscitein producer  198  11·32  7·44  42  14·37  10·79  38  10·97  6·56  38  11·69  7·35  41  9·16  4·48  39  10·34  5·49   Male subjects  102  21  20  20  20  21  Equol producer  46  13·72  11·48  7  17·29  17·96  10  10·20  12·54  9  15·67  8·40  8  13·25  11·82  12  13·46  8·76  O-DMA producer  44  5·84  7·59  9  5·81  2·15  5  3·17  1·01  9  11·20  15·63  8  4·60  3·26  13  3·94  2·09  Daidzein producer  99  30·30  20·90  21  33·60  15·61  19  33·29  20·48  18  37·95  34·76  20  24·09  12·17  21  22·77  9·96  Genistein producer  99  3·27  2·43  21  3·94  2·44  19  4·39  3·21  18  3·22  2·46  20  2·85  1·70  21  2·00  1·44  Glyscitein producer  98  11·18  8·05  21  14·29  7·02  19  11·91  8·30  17  13·19  7·48  20  9·05  5·37  21  8·94  4·06   Female subjects  100  21  19  20  21  19  Equol producer  55  14·82  16·6  11  13·91  9·73  14  11·14  8·43  10  14·90  13·53  9  18·78  28·70  11  17·09  20·93  O-DMA producer  50  6·44  5·80  15  6·10  4·84  6  4·61  2·48  10  8·07  5·59  7  7·65  9·90  12  5·69  5·67  Daidzein producer  100  30·33  27·04  21  39·16  33·38  19  25·02  10·84  20  26·79  18·26  21  31·12  41·81  19  28·77  15·27  Genistein producer  99  2·99  2·69  21  4·28  3·61  19  2·55  1·23  20  3·32  2·46  21  2·01  1·24  18  2·74  2·85  Glyscitein producer  100  11·46  6·82  21  14·45  13·76  19  9·97  4·03  20  10·26  7·12  21  9·26  3·56  19  11·89  6·49 Of 202 volunteers, 27 % consumed soya or soya products on the day or the day before 24 h urine sampling during the usual diet period. The proportion of equol and O-DMA excretors was significantly higher in soya food consumers (26 and 24 %, respectively) than in non-consumers (10 and 11 %, respectively; P¼0·008 and 0·014, respectively).
There was no significant association between equol-metabolising phenotype and demographic factors of subjects, such as age, and economic, education and marital status ( Table 2) . There was a significant difference in the proportion of O-DMA-metabolising phenotypes among different education levels. On isoflavone challenge days, subjects with different daidzein-metabolising phenotypes had no significant differences in dietary intakes of cereals and grains, poultry, fish and shellfish, red meat, vegetables, fruits and eggs. However, O-DMA producers consumed significantly higher amounts of dairy products than non-producers.
Equol producers showed lower serum uric acid (210·2 %, P¼0·001), TAG (2 29·5 %, P¼0·007) and waist:hip ratio (2 2·6 %, P¼0·032), and tended to have higher HDL-cholesterol (6·3 %, P¼0·069) compared with the non-producers in total subjects. The differences in uric acid, waist:hip ratio, TAG and HDL-cholesterol between equol producers and non-producers were more pronounced in men than in women. On the other hand, women equol producers showed significantly lower LDL-cholesterol than non-producers (P¼0·040). No significant differences in fasting blood glucose or blood pressure were observed between equol producers and non-producers, whether in the overall group or in men and women separately. There were no significant differences in serum lipids, glucose, blood pressure and uric acid between O-DMA producers and non-producers (Table 3) .
Discussion
Equol producers in the present study represented 50 % of the subjects. The present finding is consistent with the previously reported frequency of equol producers in Asians (12, 13) . While the prevalence of O-DMA producers in the present study was 46·5 %, this figure is lower than that reported in some studies (80-90 % generally) (10, 11) . The present study subjects were more likely to be equol producers and less likely to be O-DMA producers compared with the western populations (10) . It has been suggested that racial differences and genetic predisposition may influence the ability to metabolise daidzein to O-DMA (13) . The proportion of O-DMA producers in the present study is also lower than that in Japan (12) . Some studies reported that intestinal microbial populations had geographic differences (19) , suggesting that the O-DMA-metabolising difference in the Japanese might be due to differences in the environment.
A prior study reported the effect of age and sex on the bioavailability of isoflavones in healthy adults, but no age or sex differences in equol production were observed in that study (20) . Some studies suggested that age might influence the ability to produce equol because of a cohort effect or agerelated changes in intestinal bacterial populations (21, 22) . In two cross-sectional studies, bacterial diversity in healthy young adults was greater than the diversity in healthy elderly adults (21, 22) , suggesting age-related changes in intestinal 3·6  0·9  3·4  0·9  0·253  3·6  0·9  3·4  0·8  0·364  Poultry  0·6  0·5  0·7  0·6  0·153  0·6  0·5  0·6  0·6  0·693  Fish and shellfish  0·7  0·6  0·8  0·6  0·246  0·8  0·6  0·7  0·6  0·337  Red meat  1·5  0·7  1·6  0·7  0·563  1·5  0·7  1·6  0·7  0·376  Vegetables  2·6  1·0  2·7  1·0  0·537  2·7  1·0  2·7  0·9  0·693  Fruits  0·7  0·7  0·6  0·6  0·246  0·7  0·8  0·6  0·6  0·217  Dairy foods  0·2  0·4  0·2  0·5  0·953  0·3  0·5  0·2  0·3  0·043  Eggs  0·5  0·5  0·5  0·5  0·843  0·5  0·5  0·5 0·5 0·599
microflora, but this hypothesis has not yet been evaluated prospectively. Also, it was suggested that there were age differences in the bacteria responsible for the equol-producing phenotypes (21) . In the present study, women tended to have a higher proportion of equol and O-DMA producers than men, but this sex difference was not statistically significant, possibly due to the small study size. In contrast, Setchell & Cole (18) observed that the propensity to make equol was higher in males than in females. Further larger studies are needed to clarify the sex and/or age differences in equol/O-DMA producers.
Concurring with the findings in supplementary studies (8 -9) , the present study showed that equol production was positively associated with soya intake. We found a significantly higher excretion of isoflavones in Chinese adults who had consumed soya on the last day before the urine collections than in those who did not. Thus, the lower amounts of equol reported in cross-sectional studies might only reflect recent soya intake. The intake of soya products might thus explain why there was a lower proportion of subjects excreting equol/O-DMA on their usual diet than of those producing these metabolites after an isoflavone load.
The aim of the present study was also to investigate the relationships between the equol or O-DMA phenotypes and some cardiovascular risk factors. A recent advisory by the American Heart Association Nutrition Committee concluded that the beneficial effects of soya or isoflavones supplementation on cardiovascular health were minimal at best, with recent studies revealing no significant improvement in blood pressure or the lipid profile (23) . However, prior studies observed that equol production was associated with a lower risk of CVD (24) . The limited cardiovascular benefits of isoflavones supplementation in human subjects were postulated to be due to inter-individual variation in the ability to produce equol. Consistent with this hypothesis, we observed a favourable relationship between blood lipids and the equol phenotype among Chinese adults, suggesting that the ability to produce equol might play a role in modulating cardiovascular risk factors. It has also been reported that serum uric acid levels are associated with the risk of CVD (25) . From our knowledge, the present study was the first study that found a lower level of serum uric acid in the equol producers than in non-producers in Chinese adults. 3·1  22·6  3·3  0·685  22·4  3·2  22·7  3·3  0·550  Waist:hip ratio  0·839  0·069  0·861  0·076  0·032  0·848  0·076  0·851  0·071  0·833  SBP (mmHg)  114·7  18·2  115·0  18·3  0·914  113·3  19·3  116·6  16·9  0·197  DBP (mmHg)  78·4  14·7  81·5  20·0  0·221  78·2  19·1  80·8  14·6 
In the present study, we found that the favourable differences in uric acid, waist:hip ratio, TAG and HDL-cholesterol between equol producers and non-producers were more pronounced in men than in women. Similarly, we also observed more beneficial effects of soya on serum lipids in men than in women in our previous cross-sectional study (26) . The reasons for such sex differences remain unclear. As discussed in the previous study (26) , menopause might attenuate the association between equol production and cardiovascular risks in our female subjects, since about a half of them were pre-or post-menopausal.
In order to avoid misclassifying equol/O-DMA producers, we defined them by the equol or O-DMA:daidzein ratio, since this is a product -precursor relationship. After we detected equol and O-DMA excretors on their usual diet, we used an isoflavone challenge to determine producers. The frequency of equol and O-DMA excretors increased after a soya isoflavone challenge. The possibility exists that many of our subjects had the ability to produce equol or O-DMA but did not because of limited soya intake. Consequently, some equol or O-DMA producers might not produce any equol or O-DMA due to limited or no soya food in their usual diets. Moreover, we found that the productions of equal and O-DMA were highly variable among individuals following the same dose of isoflavones.
In some studies (9 -11) , given the widespread ability to produce O-DMA, the assessment of differences between O-DMA producers and non-producers was limited due to the relatively small percentage of O-DMA non-producers. In the present study, 46·5 % of subjects were O-DMA producers. However, we did not observe any differences in blood lipids and uric acid between O-DMA producers and non-producers. It has been suggested that O-DMA production has no effect on the prevention of CVD (27) . The major limitation of the present study was that we did not have enough power to detect small differences in blood lipids due to the relatively small study size. The results of the present study should be confirmed in a larger, more diverse sample. Moreover, high variability in the analytical methods of equol and O-DMA might also attenuate the associations between equol or O-DMA phenotypes and blood lipids. In addition, we excluded only participants who had taken antibiotics within 1 month before the study. Antibiotic treatment for up to 3 months might cause changes in intestinal bacterial population and decrease the prevalence of equol producers. In this case, we might have underestimated the prevalence of equol producers, and some producers could have been misclassified. However, these limitations were unlikely to lead to the overestimation of the equol -lipids associations observed in the present study.
Overall, the present findings suggest that equol phenotypes might influence cardiovascular risk, and further studies are warranted to show whether daidzein-metabolising phenotypes determine the efficacy of soya isoflavones in preventing CVD.
